Colour stability: An important physical property of esthetic restorative materials by Narendra Padiyar
Colour stability: An important physical property of 
esthetic restorative materials. 
 Narendra Padiyar,
1
 Pragati Kaurani
2 
 
Introduction   
   
In modern day dentistry, a large emphasis is laid over esthetics. Today, 
prostheses and restorations are made with precision so as to accurately match the 
surrounding oral structures. As colour is one of the most desirable properties of an 
esthetic restorative material, maintenance of the matched colour for the entire length 
of its service life may determine the success or failure of the material. Thus, it is 
desirable that the restorative material be resistant to changes in its intrinsic colour. 
 
Humans consume food that has a high quantity of food colorants. Indian food 
is particularly known to have a very high quantity of ingredients which have a high 
staining capacity. Further, use of various oral hygiene aids and medicated oral rinses 
containing chlorhexidine have been found to cause yellow-brown discoloration of 
teeth as well as artificial restorative materials like denture resins, restorative resins and 
porcelain. 
 
Colour stability is the ability of any dental material to be able to retain its 
original colour. The oral cavity has a dynamic environment. With the continuous 
presence of micro flora, saliva and frequent intake of coloured food (chromatogens), 
the colour stability of an esthetic material may become compromised. However, the 
property of colour stability of esthetic dental materials is often ignored over other 
physical and mechanical properties while making a choice. Further, the wide array of 
materials available at the disposal of the clinician compounds the challenge of making 
a wise choice. A review comparing the various esthetic dental materials regarding their 
colour stability is hence warranted so as to reinforce the importance of this aspect in 
the mind of the clinician. 
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Abstract      
                         
With the recent technological advances in dentistry, excellent shade matching of the 
restorative and prosthetic dental materials with the surrounding oral structures has 
become a reality. However, the dynamism of the oral environment demands from a dental 
material not just accurate shade replication, but also that the material is able to retain the 
matched shade over a long period of time. Hence, the failure or success of any esthetic 
restorative material depends first on the colour match and then on the colour stability of 
the material. This article reviews the colour stability of various esthetic dental materials, 
the methods of evaluation of colour stability and the various factors affecting colour 
stability. 
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Colour stability of different aesthetic dental 
materials: 
Colorimetric measurements permit quantitative 
study and comparisons of color changes of materials. 
One of the first studies employing colorimetry in this 
manner was done by Caul and Schoonover.
1
 They did a 
colorimetric study of color change in direct filling 
composites. Thereafter, many esthetic restorative and 
prosthetic dental materials like denture base resins, 
denture teeth materials, dental ceramics, gingival flange 
materials, glass ionomer cements, composite resins, 
provisional restorative materials, veneering materials, 
silicone materials etc have been tested for their colour 
stability.
2-7
 
 
1. Tooth coloured restorative materials 
The effect of food solutions, and colourants like 
mouthrinses has been studied on tooth coloured 
restorative materials. Glass ionomer cements 
(conventional), resin modified glass ionomer cements, 
microfilled composite resins all showed susceptibility to 
stain from coffee, red wine, tea, cola and snuff.
4,8,9
 Resin 
modified GIC shows greater staining capacity than 
conventional GIC.
8
 However, no significant colour 
change of esthetic restorative materials with mouthrinses 
was found.
10
 
 
2. Veneering materials: 
Amongst composite and porcelain veneering 
systems, porcelain was found to be more colour stable 
after exposure to tea and coffee.
11
 A comparative 
analysis of colour change of heat cured and light cured 
composite veneering system when exposed to coffee 
(both filtered and boiled) and tea showed that light 
cured composite based veneering systems were more 
susceptible to colour change.
5
 
 
3. Denture teeth materials: 
Commercially available materials like porcelain, 
reinforced acrylic, conventional acrylic denture teeth 
used in removable prosthodontics were studied for their 
colour stability.
8
 The specimens were subjected to three 
staining solutions – filtered coffee, tea and cola. It was 
found that filtered coffee was more chromatogenic than 
the other food colorants, and porcelain denture teeth 
were more colour stable than other materials. 
 
4. Denture base materials 
Denture base resins cured by different 
techniques like microwave, visible light cure, self-cure, 
heat cure and denture repair materials were studied for 
colour changes by subjecting them to accelerated aging. 
It was found that the visible light activated denture base 
materials were least affected by conditions of 
accelerated aging while fast heat cured acrylic resin was 
found to be the least colour stable. 
12
 It was also found 
that food colorants like tea, coffee stained denture base 
materials superficially.
3
 Amongst the disinfecting agents, 
it was found that when manufacturers’ recommended 
disinfecting time was followed, no observable colour 
change occurred in acrylic denture base resins.
13
 
 
5. Provisional restorative materials 
On testing various composite provisional 
material systems (auto and light polymerized) like, 
reinforced microfill and microhybrid resin composite 
materials, colour change was observed upon exposure to 
different staining materials. The highest discoloration 
was observed in the light polymerized composite 
provisional material group.
14
 Methyl methacrylate based 
provisional materials were found to be more colour 
stable than Bis acylic based provisional restorative 
materials.
15
 
 
Methods of evaluating colour stability 
It is apparent through a review of literature, that 
colour stability of a material can be evaluated by various 
methods. It involves subjecting the specimens to a 
colourant and evaluating the change in colour over a 
period of time. The evaluation of colour can be done 
either by visual assessment or by instrumental methods.
5
 
 
1. Visual methods 
Many methods of visual assessment have been 
used by various researchers. In one method, an observer 
evaluates the changes in colour of the specimen against 
a white background.
13
 The colour changes are then 
quantified as slight, moderate, or severe. Visual 
assessment can also be done by taking photographs of 
the specimens and then quantifying the colour 
change.
16,17
 
 
2. Instrumental methods 
Variability of results by visual assessment can 
arise due to several factors including the observed 
object, illuminant position relative to the observer and to 
each other, colour characteristics of the illuminant, 
metamerism, fatigue, aging and emotional state of the 
observer.
9
 Since instrument measurements can eliminate 
subjective interpretation of visual colour comparison, 
spectrophotometers and colorimeters are more widely 
used today. These instruments use the CIE L
*
a
*
b
* 
(CIELAB) 
colour system, which was developed in 1978 by the 
Commision Internationale de L’Eclairage for 
characterizing colour for human perception. 
The CIE L
*
a
*
b
*
 (CIELAB) colour space is a uniform 
three dimensional colour order system. The L 
coordinate denotes lightness, analogous to Value of the 
Munsell system. The a coordinate denotes redness or 
greenness and b coordinate denotes yellowness or 
blueness. The colour difference E is the algebraic 
distance between two points in the colour space. It 
represents the relative colour changes that are observed 
for the materials after treatment or between time 
periods. The colour difference is calculated from the 
means using the following formula: E = (L2 + a2 + 
b2 ) ½ , where L, a, b are the differences in L, a, b 
values of the samples before and after the immersion in 
the colorants. Um and Ruyter 
5
 suggested that a 
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perceptible discolouration must be referred to as 
14
 stated 
that a value of 3.7 should be considered as visually 
perceptible. 
Since the discolouration also occurs due to 
absorption of colourants, some researchers have also 
studied the amount the penetration of the colourants in 
the specimens. In this method, after immersion in the 
staining solution, the specimens were sectioned and 
then examined under the travelling microscope for the 
penetration of the dye.
18,4
 
 
Factors affecting colour stability 
 
Different factors can be responsible for affecting 
the colour stability of dental materials. Discolouration of 
materials may be caused by intrinsic or extrinsic factors. 
Intrinsic factors involve chemical changes of the material. 
For example in denture base resins, cause of such 
chemical discolouration has been attributed to the 
oxidation of amine accelerators. These tertiary amines 
contribute to discolouration by a change in hue from 
whitish to yellow appearance. Extrinsic factors of 
discolouration include staining by adhesion or 
penetration of colourants from exogenous sources like 
coffee, tea, nicotine etc. Moreover, one or more of these 
factors may be responsible for visibly detectable or 
esthetically unacceptable colour changes of dental 
materials.
3
 
 
1. Water absorption 
 
Previous studies have shown that hydrophilic 
materials have a higher degree of water sorption and a 
relatively higher discoloration value with staining 
solutions than hydrophobic materials.
8
 Studies have 
shown that resin materials using urethane 
dimethacrylate showed more colour stability than resin 
materials using dimethacrylate as matrix. The urethane 
dimethacrylate matrix results in lower viscosity and lower 
water sorption.
9
 It has been found that composite based 
resins can absorb water at a higher rate because of high 
diffusion coefficient in comparison to methyl 
methacrylate based resins and thus stain more.
19
 The bis-
acryl resins showed lesser colour stability as compared to 
the polymethyl methacrylate (PMMA) since bis-acryl 
polymers are more polar than PMMA polymers and 
therefore have a greater affinity towards water and other 
polar liquids. 
20
 
Similarly, it has been found that staining of resin 
modified glass ionomers is higher than conventional 
glass ionomers because of rapid water sorption by 2- 
hyroxyethylmethacrylate (HEMA), a significant resin 
component in resin modified glass ionomer cements.
8
 
Even among the denture base resins, visible light cured 
resins have 3.6 times greater water sorption than 
conventional denture base resins, thus attributing to 
their poorer colour stability.
21
 
 
2. Surface finish 
Rough surfaces of restorative materials tend to 
accumulate more plaque and absorb more water and 
food colourants. Smooth finished restorations on the 
other hand show better colour stability. Surface 
roughness of resins is due to irregularly arranged 
inorganic filler particles and hence get easily stained by 
mechanical adsorption.
8
 It has been proposed that the 
light polymerised provisional restorative materials have 
higher roughness because of larger filler particles and 
pits resulting in more colorant particle deposition.
14
 Heat 
-cured materials show fewer voids than the light cured 
materials, heat cured materials have higher 
polymerization rates and thus are found to be more 
colour stable.
22
 
 
3. Type of food colourant 
 
Various types of colourants (food and other 
colouring agents) that have a potential to cause colour 
changes of dental materials like tea & coffee (with or 
without sugar and milk), beverages, grape juice, wine, 
cherry juice, soya sauce, nicotine, disinfecting agents 
used in mouth rinses etc have been studied over the 
years.
8,16,13,23
 
It has been shown that low pH media such as 
cola (pH 2.7) affect the surface integrity of materials like 
resins by softening of matrix and causing a loss of 
structural ions such as calcium, aluminium, silicone etc 
from the glass phase.
8
 Previous studies have shown that 
the addition of sugar and milk powder in tea and coffee 
results in an increased colour change, the differences 
that were found to be significant.
14
 Coffee has been 
found to be a stronger chromatogen than tea or cola.
14,4
 
The yellow colourants of coffee were less polar than the 
yellow colorants of tea. Absorption and penetration of 
the colorants into the organic phase of the resin-based 
materials is probably due to compatibility of the polymer 
phase with yellow colorants of coffee.
9
 Both tea and 
coffee contain large amount of staining agents like gallic 
acid, which could be another reason for the staining 
capacity of these materials.
16
 
Chlorhexidine is widely used as a broad 
spectrum topical antibacterial agent to control oral 
diseases. It is known to cause discolouration of the oral 
tissues and the restorations especially in combination 
with dietary factors. It has been proposed that dietary 
factors containing tannin have a high chromatogenic 
potential particularly when used with chlorhexidin. 
Denatured proteins and iron from the diet contains thiol 
groups that provide sulphur and eventually forms iron 
sulphide which is responsible for the stain.
9
 
 
Conclusion 
Colour stability is the ability of materials to 
retain their original colour. Daily intake of food with 
staining ability like tea, coffee, cola etc can compromise 
esthetics of restorative materials. 
 Understanding the property of colour stability and the 
comparative analysis of various restorative materials will 
help a clinician to choose the materials as per the diet 
83
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habits of the patients and ensure predictability of 
success. It will also enable the clinician to educate and 
counsel the patient about the effects of specific 
chromatogenic ingredients in the diet like tea, coffee, 
wine etc. on the colour stability of the restorative 
material used. 
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